. The nose, a highly complex organ, is the portion of the respiratory tract first in contact with inhaled gases, including 03, which it removes from inspired air with varying degrees of uptake efficiency (2) . Bonnet monkeys exposed to 0.15 ppm 03 for 6 days show nasal ciliated-cell necrosis, shortened cilia, and a marked inflammatory cell influx (3) . Studies in rats (4) suggest that 03 is capable of rapidly inducing hyperplastic and metaplastic responses in the nasal nonciliated cuboidal epithelium and that once initiated, development of phenotypic changes within the epithelium does not require further 03 exposure.
Human nasal responses to 03 exposure have been investigated in control chamber studies (5) (6) (7) . Although these acute studies provide valuable information, they may not reflect changes in the nasal passages of subjects exposed to continuous, ambient 03 for several hours a day for many days and weeks. This situation is likely for people spending most of their daylight time outdoors, when 03 concentrations follow distinct patterns characterized by daylight peaks with levels both above and below the NAAQS.
We previously reported that subjects who have resided in southwest metropolitan Mexico City (SWMMC) for less than 30 days display loss of normal nasal ciliated-type epithelium, basal cell hyperplasia, and mild epithelial dysplasias, as evaluated by nasal turbinate biopsy (8) . To achieve a better understanding of the nasal pathological responses of newly exposed subjects to a polluted urban atmosphere with 03 as the predominant criteria pollutant, we investigated 1) the severity of the nasal surface epithelial damage to increasing, cumulative outdoor exposure times, as evaluated by cellular changes detected in nasal lavage samples, 2) whether nasal responses and clinical respiratory symptomatology correlate with concentration and time of exposure to 03 as evaluated by fixed-site 03 measurements, and 3) whether the 03-induced nasal injury that occurred during the 15-day polluted atmosphere exposure persisted until 2 weeks of "recovery" in a markedly less polluted environment.
Methods
Study population. This project was approved by the Instituto Nacional de Pediatria Review Boards for Human Studies, and informed written consent was obtained from all subjects. The 49 participants were permanent Veracruz residents, had never been to Mexico City, and seldom left their city of residence. These subjects were healthy, nonsmoking males, average age 23.5 ± 4.2 years, with an outdoor exposure time of 10 ± 3 hr per day, engaged in security duties and used to a daily work routine with moderate to heavy exercise outdoors. Thirty-five of these subjects traveled to SWMMC in a work-related trip, and the remaining 14 subjects stayed in Veracruz and served as controls. Clinical data obtained included age, place and length of residence, occupational history, history of toxic exposures, allergic diseases, smoking and drinking habits, otolaryngological history (epistaxis, quantity and quality of nasal mucus, nasal dryness, nasal obstruction, rhinorrhea), and respiratory symptomatology (cough, thoracic pain, and dyspnea). Potential subjects were excluded from participation if they had ever smoked or had been exposed to environmental tobacco smoke in the year previous to the study, had a history of asthma, allergic or infectious rhinitis, recent acute respiratory illness (in the previous 6 months), chronic respiratory disease, or exposure to toxic substances (e.g., paints, solvents, wood dust, metals, photocopying machines). None of the 49 volunteers showed any evidence in their medical I 1 1 histories or after complete physical examination of any viral illness or respiratory disease.
Follow-up schedule and outcome of measurements. All enrolled subjects had a clinical history and a physical examination including ear-nose-throat exams at day 1. The control subjects of the study (n = 14) were examined in Veracruz 1 week before the exposed subjects and again at the 2-week post-return visit (n = 8). The 35 participants from the exposed group traveled from Veracruz to Mexico City, arrived at 2000 hr and were transported to their SWMMC quarters; they were seen by researchers the following day at 0800 hr. Their complete work up was done on their first day in the city. Thereafter, these subjects were seen at 36, 42, 90, 132, 180, 256 and 300 hr after arriving in SWMMC. Otorhinolaryngological and respiratory symptomatology were recorded at each visit, and a nasal lavage (NL) sample was taken. One their 13th day in the city, a complete physical examination and an ear-nosethroat examination were performed. Two weeks after their return to Veracruz, the last NL sample was taken from both control and exposed subjects. The control subjects had 22 NL samples from two sampling dates, and the exposed subjects had 175 NL samples from 9 sampling times. The SWMMC-exposed volunteers were divided from the beginning of the study into 2 subgroups: A (n = 17) and B (n = 18), in order to take NL samples the same day (i.e., Al and B2) or closely adjacent days (i.e., A3 and B4) (see Table 1 ), since nasal lavage may alter the cellular populations in the nasal mucosa, and a "washout" effect may persist for several hours (7) .
The SWMMC NL samples were taken in the morning (0715-0900 hr) or afternoon (1200-1400 hr), except 03 C x T (ppm-hr) Figure 1 . Respiratory symptoms and their relationship to cumulative 03 exposure (ppm-hr) in the southwest metropolitan Mexico City-exposed subjects. Clinical evaluation data correspond to 12, 42, 132, 256, and 300 hr in southwest metropolitan Mexico City.
tions per year). However, SWMMCexposed subjects had respiratory complaints as early as 12 hr after arrival (Table  2 ; Fig. 1 ) and by the time subjects left the city, 94% had respiratory complaints. We found high correlation coefficients between certain respiratory symptoms and cumulative 03 exposure: rhinorrhea, r = 0.97; nasal mucus, r = 0.96; nasal obstruction, r = 0.93; and cough with exercise, r = 0.88. The correlation was lower for epistaxis (r = 0.30), but interestingly, the period of time with the highest number of subjects with epistaxis (132 hr) coincides with NL sample B6 (n = 18; Table 1 ), which shows a high correlation coefficient between NL CD llb and PMNs (r = 0.62, p<0.01).
Thoracic pain reached its maximum at 42 hr, but remained present in one-third of the volunteers until departure time. Two weeks after their return to Veracruz, five subjects (14%) had persistent complaints: nasal obstruction (n = 5), nasal mucus (n = 4), rhinorrhea (n = 3), and one subject complained of nasal dryness and sporadic thoracic pain. None of the exposed subjects had any clinical evidence of a viral illness or respiratory disease throughout the study period.
Rhinoscopy findings. Although all control subjects had a normal nasal mucosa by direct rhinoscopic exam, 31% of exposed subjects had a hyperemic or a pale mucosa 15 hr after their arrival and by day 13 . All but one subject exhibited a nasal mucosa with bilaterally irregular patches of opaque, pale, thin areas in the inferior and middle turbinates.
Cytocentrifuge nasal lavage samples. Cytocentrifuge NL samples from controls and 12-hr exposed samples contained a few epithelial cells, mostly squamous cells (Fig.  2A) ; by 42 hr ciliated respiratory-type cells were recovered and showed loss of cilia and small clear cytoplasmic vacuoles (Fig. 2B) .
Massive epithelial shedding was a major finding from 132 hr onward (Fig.  2C) ; squamous cells, basal cells and ciliated type cells showed nuclear pyknosis and karyorrhexis with numerous cytoplasmic vacuoles and acidophilic inclusions (Fig.  2D ). PMNs were abundant in samples taken from 132 hr onwards (Fig. 2E) the volume of NL fluid recovered from control and exposed subjects (7.9 ± 1.2 ml). bNasal lavage samples of exposed subjects taken after 2 weeks in Veracruz. Exposure time in Mexico City Veracruz tion. However, the massive nasal epithelial shedding observed in the nasal lavage samples from 132 hr onward, along with the increasing numbers of neutrophils and CD1 lb upregulation, have not been previously reported in humans. Similar lesions to those seen in the subjects in the present study have been reported by Harkema et al. (3) in Bonnet monkeys exposed to 0.15 ppm 03 for 6 days; these animals had an increased number of necrotic nasal ciliated cells along with an inflammatory nasal influx.
Studies in animals have demonstrated that the most important lesions resulting from inhalation of high ambient 03 concentrations are located in the nasal cavity and pulmonary centriacinar regions (3, (11) (12) (13) (14) (15) (16) (17) (18) (19) . In rats, 03 can rapidly induce proliferative and secretory metaplastic responses within nasal nonciliated cuboidal epithelium (4) and produce significant changes in the stored nasopharyngeal epithelial mucoid substances (17) . Ozone concentrations as low as 0.15 ppm can induce significant epithelial lesions in the macaque proximal respiratory bronchioles after both short-term (6 days, 8 hr per day) and long-term (90 days, 8 hr per day) exposures (13) . An important issue in short-term exposure to high ambient ozone concentrations is that once the 03-induced injury is initiated, the development of 03-induced epithelial damage does not depend on further 03 exposure, a likely situation in our SWMMC-exposed individuals and an issue dealt with by Hotchkiss et al. (4) for 03-exposed rats. These authors demonstrated that 03 can rapidly induce phenotypic changes in the nasal nonciliated cuboidal epithelium and that once initiated, development of these epithelial changes does not require further 03 exposure. Harkema et al. (17) demonstrated that after a 7-day exposure to 0.12 ppm 03, the increase in stored mucoid substances in the nasal rat turbinates persisted for at least 7 days after cessation of exposure. These findings in animals are relevant to the SWMMC observations. In our subjects there was a persistent PMN nasal influx (p<0.00001) and an upregulation of PMN-CD 11 b (p<0.001) expression, 2 weeks after cessation of the polluted atmosphere exposure, and although the clinical respiratory symptomatology had subsided considerably (from 94.28% to 14.28%), the abnormal nasal rhinoscopic and cytocentrifuge findings remained. These abnormal persistent findings could be the result of a cascade of events initiated in the respiratory epithelium upon acute 03 exposure. Oxidant (19) suggested that alveolar epithelial cell reactions to low-level subchronic exposures to 03 are directly related to the cumulative oxidant concentration. Henderson et al. (12) , evaluating the effect of cumulative 03 exposure on nasal responses in female F344/N rats, concluded that the response through DNA synthesis of the nasal epithelium was approximately equal for equal cumulative exposures if these 03 exposures were >0.12 ppm. On the other hand, Harkema et al. (13) suggested a threshold for epithelial bronchiolar Bonnet monkey 03-associated pathology and a lack of correlation between bronchiolar damage and 03 concentrations or exposure times.
Based on our experience with nasal mucosal pathology in Mexico City inhabitants (8, 27) , we believe that for newly arrived populations, cumulative 03 exposures are more relevant to nasal pathology than peak concentrations or hours above the NAAQS, and we fully agree with Lippman (1) that the current 1 hr-120 ppb 03 NAAQS does not protect against shortterm effects. We would like to add that at least for nasal 03 effects, humans lack the development of potentially protective mechanisms described for animals, such as secretory metaplasia and increased amounts of intraepithelial mucoid substances (4, 17) , and these type of 03-responses should be kept in mind when assessing data derived from 03-exposed experimental animals for the purpose of assessing human risk.
In this study there was a significant correlation between 03 concentrations and exposure time with respiratory symptomatology, PMN, and CD11b values. Volunteers remained outdoors an average of 10.2 hr per day, had living-working quarters with low-density housing, low traffic density, and no other pollutant sources. We are aware that personal 03 monitors are better than fixed-site measurements (28) , but lack of resources prevented their use. However, we are of the opinion that with the outdoor exposure patterns described for these subjects, ambient 03 fixed-site data are helpful for correlation with clinical and pathological effects.
In summary, studying natural populations for evidence of 
